The genome DNAs of 12 strains of human parvovirus B19, isolated in Japan at two different times, 1981 and 1986 to 1987 , were molecularly cloned in the plasmid pUC18. The cloned B19 DNAs were analysed by cleaving with restriction endonucleases, and were classified into several groups by genome type. The restriction endonuclease cutting patterns ofB 19 strains isolated during 1981 were similar to that of the group IV genome type, and the patterns of those isolated later were similar to that of group II, suggesting a correlation between the genome type and the prevalence. We conclude that the prevalences of B 19 infection in Japan during 1981 and in 1986 to 1987 were caused by viruses differing in genome type, and that B19 viruses with similar genome types disseminated widely in Japan during each prevalence.
The human parvovirus B19, originally discovered in blood-bank donors by Cossart et al. (1975) , is now known to be an aetiological agent of several clinical disorders (Ware, 1989) . The B19 viral particles contain a singlestranded DNA of either polarity (Clewley, 1984; Summers et al., 1983) , and the genome is a 5.54 kilobase linear molecule with hairpin structures at each extremity (Cotmore & Tattersall, 1984; Mori et al., 1987) . B19 has been successfully propagated in suspension cultures of human erythroid bone marrow ceils but such cells are not suitable for use in large-scale propagation of B19 Ozawa et al., 1986) . Molecular cloning of the B19 genome has facilitated analyses of genome structures and functions (Blundell et al., 1987; Clewley, 1985; Cotmore & Tattersall, 1984) .
Viruses with a DNA genome can be analysed with restriction endonucleases (REs) for differentiation and classification, and Morinet et al. (1986) first investigated the genetic variability of B19. Mori et al. (1987) mapped DNAs of 48 B 19 strains with 13 REs and classified them into several genome types. Four B19 strains isolated in Japan in 1981 were all classified as having the group IV genome type, and no other strain isolated outside of Japan belonged to group IV (Mori et al., 1987) . Thus, questions were raised as to whether B19 strains in Japan were restricted to group IV, and whether Japan was sequestered from other areas with respect to the prevalence of B19 infection.
To elucidate this question, we collected sera of patients suspected of having B 19 infection and attempted to clone 0000-9219 © 1990 SGM the BI9 genome DNA, with the intention of obtaining enough DNA for analyses. Single-stranded B19 DNAs extracted from these sera were treated with Escherichia coli DNA polymerase I Klenow fragment, to synthesize double-stranded DNA, utilizing as a primer the hairpin structure at the 3' end of each molecule. Then, the DNAs were either digested with AatII which has a cleavage site in the terminal repeats of the B19 genome (Shade et al., 1986) or with nuclease S1, to remove the terminal 'turn around' form. The DNAs were treated with the Klenow fragment to convert the staggered ends to blunt ends and then joined to vector plasmid DNAs of pUC18 at the SmaI site. The ligated mixture was then transformed into E. coli JM83 (Yanisch-Perron et al., 1985) . Hybrid plasmids containing a sufficient length of B19 genome DNA were constructed from 12 sera ( Table 1) .
The structures of the B19 DNAs were analysed by cleavage with 13 REs, i.e. BamHI, BgllI, BstEII, EcoRI, HindlII, HpaI, KpnI, PstI, PvulI, SalI, Sinai, XbaI, and XhoI, as described by Mori et al. (1987) (Fig. 1, 2) . No RE sites for EcoRI, Sail and XhoI were detected in the cloned DNAs, as was the case for other B19 strains. One BamHI site, one BstEII site, one KpnI site and one SmaI site were detected in all 12 of the cloned B19 DNAs (Fig.  1) . Differences among the B19 strains were detected in the cleavage patterns for BgllI, HindlII, HpaI, PstI, PvulI and XbaI. Four strains (N8, N11, N14, N15) had the same RE cutting pattern as the group II genome type proposed by Mori et al. (1987) . Two B19 strains (N2 and N4) had the same pattern as group IV. The cutting patterns of four strains (N9, N10, N16 and N22) were similar to but not the same as that of the group II genome type (Fig 1, 2) i The three strains N9, N10 and N16 did not have HindlII sites in the position marked on line 2 of Fig. 1 by a parenthesized HindlII. The absence of this site caused the loss of two fragments of 0.94 kb and 0.90 kb and the gain of a 1-8 kb fragment, in comparison with the group II genome type (lanes 2, 4, 5 and 6 of part B of Fig. 2 ). Strains N9, NI0 and N16 were classified as group IIb in this work (Table 1) . The BgllI/EcoRI/SalI cleavage products of hybrid plasmid UK293-2 (containing genome DNA from strain N22) contained only two fragments of vector DNA and the B19 genome insert (lane 3 of part A of Fig. 2) , indicating the absence of a BgllI site in the N22 strain (line 3 of Fig. 1 ). N22 was classified as group IIc (Table 1 ). The central one-fifth of the N25 genome was not cloned. The other four-fifths were cloned and had the same structure as that of group IV genome type (line 5 of Fig. 1 ). We provisionally assigned N25 to group IV (Table 1) . The RE cutting patterns of strain N5, except for PvulI, were the same as those of the group IV genome type. The recombinant plasmid DNA containing the N5 genome was cleaved into two fragments of vector DNA and insert DNA after digestion with PvuII/EcoRI/SalI (lane 7 of part C of Fig. 2) , thereby indicating that N5 has no PvuII site (line 6 of Fig. 1 ). N5 was classified as group IVb (Table 1) . Mori et al. (1987) classified 48 B19 strains into five types, defined by having the same RE cutting pattern, and an unassigned group. The five groups of genome types can be distinguished by differences in one to five RE cutting sites. Group IV is different from groups Ilia and IIIb in five RE cutting sites, from group II in four sites, and group I in three sites, suggesting a remote relationship between group IV and the other four groups. Groups lib and IIc are apparently more closely related to group II than group IV.
The twelve B19 strains analysed in this work could be classified into two clusters, with regard to their RE cleavage pattern (Table 1) . One cluster, having a pattern similar to that of group IV, consisted of B19 strains isolated in 198I. The other cluster, similar to group II, consisted of B19 strains isolated in 1986 to 1987. The results show a correlation between the genome type and the time of isolation (prevalence), suggesting an epidemiological relationship among strains. The prevalence of B 19 infection is recognized by the presence of erythema infec'tiosum (El) Nunoue et al., 1985) . Surveillance of infectious diseases in Japan showed two major prevalences of El in 1981 to 1982 (Nunoue et al., 1987 . The genome types of the BI9 strains correlated with the time of isolation but not with the area of isolation (Table 1) . We assume that a nation-wide B 19 prevalence occurred in 1981 to 1982 and 1986 to 1987 in Japan, and that each was caused by a group of viruses with a similar genome type, hence indicating highly efficient transmission of B19 viruses. B19 strains of the group II genome type have been isolated from different areas in the world, i.e. France, Norway, U.K. and U.S.A. (Mori et al., 1987) . It is probable that a group II B 19 virus entered Japan around 1986 and caused the new epidemic of B19 infection in 1986 to 1987. Sources of an outbreak and the mode of transmission among cases of viral infection could be investigated by analysing the genome type of the viruses. Of the cases analysed in this work, the case 9 patient is the daughter of the case 8 patient (Table 1) . They developed aplastic crisis (AC) at the same time, on the 6th day after the onset of AC in a 9 year old boy with hereditary spherocytosis (HS) in the family, presumably due to the same source of infection. Both B19 DNAs from the two belonged to the IIb genome type (Table 1) The cleaved DNAs were electrophoresed in 0.8% agarose gels, and stained with ethidium bromide (a). The lane designated M contains a marker mixture (kb) of HindlII fragments of 2 phage DNA. The DNAs in the agarose gels were then transferred to nylon membranes (Umene, 1985) . The DNAs cleaved with BgllI and PvulI (parts A and C of a) were hybridized with a 32p. labelled probe, the 0.7 kb PvulI-EcoRI fragment of pJB (see line 7 of Fig. 1 ) (parts A and C of b). The hybrid plasmid pJB, constructed by inserting a 5.2 kb B19 DNA flanked with EcoRI linkers into the EcoRI site of vector pGEM-1, was provided by J. P. Clewley (Mori et al., 1987) . HindlII digests (part B of a) were hybridized with the 32p. distinct clinical symptoms. Mori et al. (1987) examined whether one genome type could be correlated with a particular clinical manifestation of infection, but found no correlation. Nine B19 strains analysed in our work were isolated from patients with HS at AC (Table l) and six of them were associated with skin rashes (Nunoue et al., 1987) . The mode of the rashes varied, hence we could not correlate the genome type with the mode of rashes and with the severity of AC. We assume that clinical manifestations of B19 infection are modified greatly by host factors. However, variation in a viral genome may possibly cause variation of amino acid components of virus-encoded protein and also variation in cis-acting elements in the virus genome. These variations may affect virus-host interaction. We were interested in possible correlations between the genome type and the scale of prevalence, as the reported numbers of cases of EI and AC in 1986 to 1987 (group II genorne type) were higher than those in 1981 to 1982 (group IV genome type). There were seven cases of foetal death associated with B19 during 1986 to 1987 but none in 1981 to 1982. The isolation of group IV strains was restricted to certain areas (in Japan) and in time (in 1981) , and the group IV genome type is distant from other types with respect to its RE cutting pattern.
